The united airways concept suggests that patients with asthma typically exhibit parallel inflammation in the upper airway. The resulting nasal symptoms should reduce quality of life and substantially affect the evaluation of asthma control among these patients. This study aimed to assess the association of nasal symptoms with the evaluation of asthma control.
Introduction
Asthma is a common, chronic, and inflammatory disease of the lower airway, which currently affects 235 million people throughout the world. [1] The global prevalence of asthma and its related complications have created significant burdens on patients, employers, and socioeconomic systems. [2] During recent decades, disease status has been evaluated using patient-reported outcomes, such as the patient's self-perceived experience of their symptoms and the effects of their illness. [3, 4] Thus, the concept of asthma control has replaced the concept of asthma severity, and asthma control is now considered the main outcome during asthma treatment. [5] Furthermore, the Global Initiative for Asthma (GINA) Guidelines suggest that asthma control includes 2 domains: symptom control and future risk of adverse outcomes. In this context, periodic assessments of the patient's asthma control and risk factors are an essential part of asthma management 5 . The asthma control test (ACT) is one of the most commonly used instruments for evaluating asthma control, and this tool includes 4 symptom/relief questions and a self-assessment of asthma control. [6, 7] A low forced expiratory volume in 1 second (FEV 1 ) is the most important risk factor for poor asthma outcomes [5] and has been added to other tools for evaluating asthma control, such as the asthma control questionnaire. [8] Patients with asthma have a higher incidence of allergic or nonallergic chronic rhinitis (CR) [9] [10] [11] and chronic rhinosinusitis (CRS). [11] [12] [13] Moreover, based on the united airways concept, these conditions exhibit associations with sinonasal inflammation and related nasal symptoms. [11, 14] In this context, nasal symptoms are expected to reduce quality of life (QoL) and substantially affect the evaluation of asthma control among patients with asthma. However, to the best of our knowledge, no studies have investigated the effect of nasal symptoms on the evaluation of asthma control. Therefore, the present study aimed Editor: Shih-Han Hung.
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to assess the correlations between questionnaire-based nasal symptom scores and asthma control outcomes (e.g., the ACT score, FEV 1 , and acute exacerbation) among patients with asthma and persistent nasal symptoms.
Methods

Patients
Between August 2013 and June 2016, we prospectively recruited patients with asthma and persistent nasal symptoms who were being treated at our Thoracic Medicine Department. Figure 1 shows the study flow chart. The inclusion criteria were patients with asthma who fulfilled the diagnostic criteria from the GINA guidelines [5] and had failed 3 months of medical treatment for their nasal symptoms. Participants received initial medical therapy including: at least either 3 months course of topical corticosteroids or 1 week course of oral corticosteroids, and at least 2 weeks of culture-directed or broad spectrum antibiotics per the standard of care. The failed medical therapy was based upon persistent symptoms reported by participants and/or physical examination. All patients' asthma had been treated based on the GINA guidelines for ≥ 6 months and the antiasthma medication was showed on Table 1 . We excluded patients with major medical disorders, such as diabetes, nephrotic diseases, autoimmune disorders, immunodeficiency, malignancy, and other chronic illnesses. The institutional review board of Chang Gung Memorial Hospital approved this study's design ((IRB number: 103-7085B), and all patients provided their informed consent.
Objective and subjective measurements
All patients were referred to the Otolaryngology Department and underwent thorough nasal endoscopy and sinus computed tomography (CT). The findings from these examinations were interpreted using the Lund-Kennedy endoscopy score [15] and the Lund-Mackay CT score, [16] respectively. Pulmonary function testing includes the evaluation of forced vital capacity (FVC), FEV 1 , and the FEV 1 /FVC ratio. Percentages of the predicted values for these tests can be calculated according to age, sex, height, and ethnicity. [17] Participants completed the ACT and the Sino-Nasal Outcome Test-22 (SNOT-22) questionnaires [18] at the same time to evaluate their asthma control and sinonasal symptoms. Additional data regarding the patients' clinical characteristics were collected from their medical records.
The ACT includes 5 items regarding asthma control: activity limitations, shortness of breath, waking up because of asthma symptoms, use of asthma relief medication, and a global evaluation of asthma control. The ACT items evaluate symptoms that were experienced during the last 4 weeks and are scored from 1 to 5, with a maximum score of 25 indicating perfectly controlled asthma. [7] The SNOT-22 questionnaire is the most widely used and validated self-reported measure of nasal symptom severity and health-related QoL among patients with sinonasal conditions. The SNOT-22 questionnaire evaluates various symptoms, physical problems, functional limitations, and emotional consequences of having a sinonasal disorder. [18] 2.3. Diagnoses of chronic rhinosinusitis, chronic rhinitis, and nasal polyps Cases of CRS were diagnosed using the criteria from the European position paper, [19] which requires the presence of 2 or more related symptoms for at least 12 weeks, as well as relevant endoscopic signs and/or CT findings. The related symptoms include facial pain/ pressure, reduction or loss of smell, nasal blockage, or nasal discharge. At least one of the related symptoms should be nasal blockage/obstruction/congestion or nasal discharge. Cases of CR were defined as non-CRS cases with persistent nasal symptoms. Nasal polyps were identified using nasal endoscopy.
Statistical analyses
Data were reported as mean ± standard error or number (%), and were analyzed using GraphPad Prism software (version 5; GraphPad Prism Software Inc., San Diego, CA). Categorical ACT = asthma control test, CR = chronic rhinitis, CRS = chronic rhinosinusitis, CT = computed tomography, E = SNOT-22, FEV 1 = forced expiratory volume in 1 s, FVC = forced vital capacity, ICS = inhaled corticosteroid, IgE = immunoglobulin, LABA = long-acting beta2-agonist, OCS = oral corticosteroid, SABA = short-acting beta2-agonist, Sino-nasal Outcome Test-22. Data are reported as mean ± standard error or number. * P < 0.05 using the chi-Square test. † P < 0.05 using the Mann-Whitney U test. Figure 2A shows the final diagnoses of the upper airway inflammation among patients with asthma and persistent nasal symptoms, based on their symptoms, endoscopy findings, and CT findings. Among the 58 participants, 30 patients had CRS (52%), which included 19 cases (33%) of CRS without nasal polyps (CRSsNP) and 11 cases (19%) of CRS with nasal polyps (CRSwNP). Table 1 summarizes the participants' clinical characteristics. The patients with and without CRS did not exhibit any significant differences in the values for age, atopy, serum immunoglobulin E (IgE) levels, SNOT-22 score, ACT score, pulmonary function, and antiasthma medication. However, patients with CRS exhibited significantly higher endoscopy and CT scores, which indicated that these tests were the most reliable for diagnosing CRS.
Results
The participants' clinical characteristics
Correlations between SNOT-22, ACT, and FEV 1 outcomes
We observed a good correlation between the ACT and SNOT-22 scores (Fig. 2B) . The SNOT-22 nasal symptoms score had a crucial effect on asthma evaluation using the ACT question- Table 2 The associations of SNOT-22 items with ACT score and predicted FEV1 among patients with asthma and persistent nasal symptoms. naire. Among patients with asthma and CRS, the ACT score was closely related to the SNOT-22 items regarding cough, postnasal discharge, dizziness, waking up at night, absence of a good night's sleep, and waking up tired. Among patients with asthma and CR, the ACT score was closely related to cough symptoms in the SNOT-22 questionnaire (Table 2) . We also evaluate the correlations between the predicted FEV 1 and the SNOT-22 items (Table 2 ). Among patients with CR, the predicted FEV 1 was closely related to the symptoms of needing to blow nose, runny nose, and cough. Among patients with CRS, the predicted FEV 1 was closely related to a decreased sense of smell/taste.
ACT score
Comparing SNOT-22 items among patients with CR, CRSsNP, or CRSwNP
When we compared the SNOT-22 items between patients with asthma and CR, CRSsNP, or CRSwNP, we found that patients with asthma and CRSwNP had higher scores for a decreased sense of smell/taste and facial pain/pressure. In addition, patients with CRS had more severe symptoms for ear fullness, compared to patients without CRS. Nevertheless, the total SNOT-22 scores were not significantly different when we compared the 3 subgroups (Fig. 3) .
Nasal symptoms and emergency clinic visits for acute asthma exacerbation
We retrospectively reviewed the participants' medical records and found that 16 patients had visited an emergency clinic because of acute asthma exacerbation during the previous 3 months. When we compared the patients with and without an emergency clinic visit, we found that patients with an emergency clinic visit had relatively high SNOT-22 scores, especially for the symptoms of sneezing, runny nose, nasal blockage, cough, and dizziness (Fig. 4) .
Discussion
To the best of our knowledge, this is the first study to examine the effect of nasal symptoms on the evaluation of asthma control using disease-specific questionnaires. This article described the impact of nasal symptoms on the evaluation of asthma control including QoL, pulmonary function, and emergency clinic visits in a study population with persistent nasal symptoms, even after maximal medical therapy, to emphasize the importance of simultaneous care of nose during management of asthma. In the present study, we used the questionnaires to evaluate nasal symptoms and asthma control among patients with asthma and persistent nasal symptoms, and found that more severe sinonasal symptoms were associated with poorly controlled asthma. ACT scores among patients with asthma and CRS were closely related to the symptoms of cough, post-nasal discharge, dizziness, waking up at night, absence of a good night's sleep, and waking up tired. Furthermore, the predicted FEV 1 among patients with asthma and CR was closely associated with the symptoms of needing to blow nose, runny nose, and cough. In this context, greater amounts of post-nasal discharge, as well as the associated cough and worsened sleep quality, may contribute to reductions in QoL and asthma control among patients with asthma and CRS. However, nose-related allergy symptoms were associated with FEV 1 among patients with asthma and CR. Therefore, our findings appear to indicate that asthma stability is closely related to control of the sinonasal disorder, and vice versa. The nasal symptoms have significant effects on the subjective and objective evaluations of asthma control. Several tools have been developed to assess the patients' quality of life and symptoms' severity for asthma and for rhinitis, or both. [20] [21] [22] However, there is no questionnaire assess CRS and asthma simultaneously. [23] Besides, it is difficult to distinguish between CRS and CR using only symptomatic evaluations of patients with asthma and nasal symptoms, although this evaluation is important for managing the patients' sinonasal conditions. [19] Among the 58 participants in the present study, for example, approximately half of the patients had CRS (52%). Based on the united airways concept, patients with lower airway inflammation typically exhibit parallel inflammation in the upper airway. Most of the inflammation in the upper airway can be managed well with or without medication for nasal symptoms when the asthma were being treated. However, in this study, we prospectively recruited patients with asthma and "persistent" nasal symptoms who were being treated at Thoracic Medicine Department for ≥3 months. The enrolled population was those with more severe symptoms and required surgical intervention. That would be the reason for the high incidence of CRS comorbidity in this study population.
Our results revealed no significant differences in the SNOT-22 total scores and most single-item scores when we compared Figure 3 . Comparing the SNOT-22 scores from patients with asthma and different sinonasal conditions. There were no significant differences in the total SNOT-22 scores when we compared patients who had asthma and CR, CRSsNP, or CRSwNP (A). Patient with CRSwNP exhibited higher scores for decreased sense of smell/taste (SQ5, B) and facial pain/pressure (SQ12, C), and patients with CRS exhibited higher scores for ear fullness (SQ9), compared to patients without these conditions (D).
a The Kruskal-Wallis test was used to compare the 3 groups.
* Statistical significance was set at P < 0.05. ACT, asthma control test, CR = chronic rhinitis, CRS = chronic rhinosinusitis, CRSsNP = chronic rhinosinusitis without nasal polyps, CRSwNP = chronic rhinosinusitis with nasal polyps, SNOT-22 = Sino-nasal Outcome Test-22.
Huang et al. Medicine (2017) 96:8 Medicine the subgroups with the 3 different sinonasal conditions. The notable exceptions were patients with CRS exhibiting higher scores for fullness, and the patients with CRSwNP exhibiting higher scores for decreased sense of smell/taste and facial pain/ pressure, compared to their counterparts who did not have these conditions. Therefore, endoscopy and CT appear to be the most reliable methods for diagnosing these sinonasal conditions.
Emergency clinic visits because of acute asthma exacerbation is another important indicator of asthma control, risk of adverse outcomes, and increased healthcare utilization. [24] In the present study, patients with an emergency clinic visit because of acute asthma exacerbation during the previous 3 months exhibited relatively high SNOT-22 scores, especially for the symptoms of sneezing, runny nose, nasal blockage, cough, and dizziness. Therefore, it appears that it is important to simultaneously evaluate and treat nose-related conditions in patients with asthma. Given that the airway is a continuous structure that extends from the nose to the alveolar units of the lung, which is constantly exposed to the outside world, inflammation throughout the airway may be induced by exposure to various irritants, allergens, micro-organisms, and other environmental factors. [25] [26] [27] Furthermore, upper and lower airway inflammation may be triggered by a systemic response to mediators of inflammation. Moreover, changes in the inspired air (e.g., dry air, cold air, or nitric oxide-depleted air) can be caused by nasal obstruction or aspiration of sinus secretions into the lower airways, which would interfere with the function of the lower airway. [11, 28, 29] Therefore, although asthma and sinonasal disorders (e.g., CRS and CR) appear to be distinct diseases, we believe that they should be viewed and treated as common airway diseases.
The present study has several limitations that warrant consideration. The first limitation is the absence of strict inclusion criteria, which created a heterogeneous group of patients with various sinonasal diseases, asthma severities, and treatment modalities. Nevertheless, our patient population's heterogeneity reflects the reality of daily clinical practice at an outpatient clinic, and it is important to note that we found that sinonasal symptoms had significant effects on the subjective and objective aspects of asthma control. The second limitation is that we performed a crosssectional analysis and are unable to comment on the dynamic changes in the evaluation and control of the upper and lower airways (e.g., before and after nasal surgery or medical treatment). The cross-sectional design also precludes any conclusions regarding the causality of the relationships that we observed. Therefore, longitudinal cohort studies are needed to validate our findings regarding the connections between nasal symptoms and asthma control evaluation.
Conclusion
We found that sinonasal symptom severity was closely associated with asthma control status (i.e., ACT score, FEV 1 , and acute exacerbation) among patients with asthma and persistent nasal symptoms. This result highlights the importance of simultaneously managing sinonasal disorders during the evaluation and treatment of patients with asthma. Furthermore, based on our findings, we believe that upper and lower airway inflammation should be considered and treated concurrently.
